ABSTRACT -Context -Barrett's esophagus is characterized by the presence of goblet cells. However, when alcian-blue is utilized, another type of cells, called columnar blue cells, is frequently present in the distal esophagus of patients with endoscopic evidence of Barrett's esophagus. Cytokeratin 7 and 20 immunoreactivity has been previously studied in areas of intestinal metaplasia at the esophagogastric junction. However, the expression of these cytokeratins in columnar blue cells has not been characterized. Objective -To compare the expression of cytokeratin 7 and 20 in goblet cells and columnar blue cells in patients with endoscopic evidence of Barrett's esophagus. Methods -Biopsies from 86 patients with endoscopic evidence of Barrett's esophagus were evaluated. The biopsies were stained for cytokeratin 7 and 20. Results -Goblet cells were present in 75 cases and columnar blue cells in 50 cases. Overall, cytokeratin 7 expression was similar in goblet cells and columnar blue cells (P = 0.25), while cytokeratin 20 was more common in goblet cells (P <0.001). In individuals with both cell types, however, cytokeratin 7 staining was the same in goblet and columnar blue cells in 95% of the cases, and cytokeratin 20 staining was the same in 77%. Conclusion -Goblet cells and columnar blue cells have similar immunohistochemical staining patterns for cytokeratins 7 and 20 in patients with endoscopic evidence of Barrett's esophagus.
INTRODUCTION
Barrett's esophagus (BE) is considered a risk factor for esophageal adenocarcinoma, whose incidence in the Western world has been increasing rapidly in the last decades (8, 9, 28, 29, 32) . Histologically, BE represents an incomplete form of intestinal metaplasia, characterized by the presence of goblet cells in hematoxylin and eosin (H-E) staining. These cells contain acid mucins, which can be detected easily with the use of alcian blue stain at pH 2,5 (AB) (1, 16) . Because the risk for esophageal cancer, patients with BE should be enrolled in a program of endoscopic surveillance for dysplasia and adenocarcinoma (5, 9, 29, 32) . However, the histological diagnosis of the intestinal metaplasia on routine H-E staining is not always simple. Gastric cardia-type mucosa may contain distended cells with a goblet configuration ("pseudoglobet" cells) and pose a source of overdiagnosis of intestinal metaplasia and false-positive diagnosis of BE. When there is doubt about the nature of goblet-shaped cells, AB stain should be applied because these cells do not contain acid mucin (17, 18) . Nevertheless, if AB is applied, there are cells in the surface of the metaplastic epithelium that are as common or more common than the goblet cells and which look similar to gastric columnar cells when stained with HE, but, unlike gastric columnar cells, they stain positively with AB (17, 18, 23) . These cells are called columnar blue cells, and according to some authors they may represent a transitional type of metaplastic cells, intermediate between gastric columnar cells and goblet cells (17, 33) . Because of this possibility, the columnar blue cells have generated controversy in the histological diagnosis of BE (3, 10, 11, 16) .
It is important to identify the relationship between goblet cells and columnar blue cells, and the relationship of both cell types to cancer risk, to optimize the diagnosis of BE and the inclusion of patients in programs of endoscopic surveillance. Markers that can show similarities and differences between these two cell types may help clear up these uncertainties. Immunohistochemical expression of cytokeratins 7 (CK7) and 20 (CK20) has been studied in areas of intestinal metaplasia at the esophagogastric junction. Cytokeratins constitute the subunits I and II of intermediate filaments, which are one of the main components of the cellular skeleton. All simple and complex epithelia can be classified according to their cytokeratin expression. CK7 is not usually expressed in the epithelium of the gastrointestinal tract, while CK20 expression is common in the gastric foveolar epithelium and in intestinal epithelium (4) . A previous study by ORMSBY et al. (24) suggested that specific patterns of CK7/CK20 reactivity could help discriminate between Barrett's esophagus and intestinal metaplasia of the cardia. Other authors tried to reproduce these patterns, but obtained diverse results (6, 7, 12, 13, 19, 20, 21, 25, 27, 30, 31) . Until now, the expression of these cytokeratins has not been reported separately in the goblet cells and the columnar blue cells of individual cases, so it has been hard to evaluate whether the two cell types are similar or different in their expression of these proteins. Therefore, the aim of this study was to evaluate and compare the immunoreactivity of CK7 and CK20 in the goblet cells and columnar blue cells of individual patients with endoscopic evidence of Barrett's esophagus.
METHODS

Selection of the cases
This study was approved by the Ethics in Research Committee of Hospital de Clínicas, Porto Alegre, RS, Brazil. Endoscopy and pathology files were reviewed from all patients seen in the years 2002 and 2003. Biopsies obtained from patients with upper GI endoscopy suggestive of Barrett's esophagus were stained with H-E and AB and were reviewed for the identification of goblet cells and columnar blue cells. Endoscopic evidence of Barrett's esophagus was defined as visualization of columnar epithelium above the esophagogastric junction, and was subcategorized as long-segment (extension >3 cm) or short-segment (<3 cm). Goblet cells were defined as ABpositive cells with distended lateral borders and compressed basal nuclei. Columnar blue cells were defined as columnar cells which have an appearance similar to gastric superficial cells on H-E but have cytoplasm staining positively on AB (23) . Only cells in the surface epithelium were evaluated in this study, since columnar blue cells can be found normally in foveolar epithelium. All patients with a biopsy containing at least epithelial areas with a minimum of 10 goblet cells, 10 columnar blue cells, or both were included in the study, and one biopsy per patient was stained immunohistochemically for CK7 and CK20. Epithelial areas with only AB-negative cells were not included in the analysis.
Immunohistochemical technique
Serial 4 micrometer sections were stained with HE, AB, CK7, and CK20. The slides were deparaffinized and rehydrated. The inhibition of endogenous peroxidase was achieved with hydrogen peroxide at 5% in distilled water. Antigen retrieval was performed in a microwave oven at full power with citrate buffer at pH 6.0 for 21 minutes. A solution of 5% powdered skimmed milk in phosphate-buffered saline (PBS) was used to block nonspecific reactions. Anti-cytokeratin 7 (clone OV-TL 12/30, Biogenex) and anti-cytokeratin 20 (clone Ks 20.8, Biogenex) antibodies were applied, both at a dilution of 1:100. Detection of primary antibodies was achieved by streptavidinbiotin complex, and 3-3-diaminobenzidine-tetrahydrochloride (DAB) was used as the chromogen. The slides were counterstained with hematoxylin. Positive controls were used for each of the antibodies (breast tissues for CK7 and colon tissues for CK20), while in the negative controls the buffer solution was substituted for the primary antibody.
Evaluation of immunoreactivity
CK7 and CK20 immunoreactivity (positive or negative) was determined by evaluation of membranous and cytoplasmic staining of the cells viewed at high magnification (400x). Nonspecific or background staining was considered as negative. Cases with more than 10% of the goblet cells or the columnar blue cells staining positively were considered positive. In all cases, the cytokeratin reactivity was compared to the AB findings on serial sections. The slides were examined by two independent pathologists (LM and MPR). In discordant or doubtful cases a consensus was reached between the two observers after joint review. The pathologists had no knowledge of the patients' endoscopic findings.
Statistical analysis
Fischer's exact test was used to compare the proportions of goblet cells and columnar blue cells stained by CK7 and CK20. To evaluate the interobserver agreement in the histological identification of the studied cells and in the interpretation of the immunohistochemical results, kappa (k) statistics were calculated. Interobserver agreement was classified as poor (<0.20), fair (0.21-0.40), moderate (0.41-0.60), good (0.61-0.80), or very good (>0.80) (15) .
RESULTS
The study included one biopsy from each of 86 patients. Fifty-nine biopsies (68.6%) were from patients suspected of having long-segment BE and 27 biopsies (31.4%) were from patients suspected of having short-segment BE. The frequencies of both cell types in the biopsies and their relationship with the endoscopic findings are summarized in Table 1 . Inter-observer agreement (kappa) was 1.00 for the identification of goblet cells, and it was 0.75 for the identification of columnar blue cells. In 36 cases, only goblet cells were observed. In 11 cases, only columnar blue cells were found, and 8 of these cases had the endoscopic appearance of short-segment BE. In the 39 remaining cases, there were areas that contained both goblet cells and columnar blue cells. Overall, goblet cells were present in 75 biopsies (87.2%), while the columnar blue cells were seen in 50 biopsies (58.1%).
DISCUSSION
The diagnosis of BE is suggested endoscopically by the identification of columnar epithelium in the distal esophagus and confirmed when goblet cells are identified in biopsies stained with H-E (1, 9, 16, 29, 32) . However, when AB staining is applied, columnar cells located in the surface epithelium can also stain positively with AB (columnar blue cells), and they are a frequent finding during the histological examination of columnar epithelium of the distal esophagus (17, 23, 33) . In a topographic study of nine specimens of esophageal resections for BE-associated high-grade dysplasia or carcinoma, OFFNER et al. (23) demonstrated that these cells were present in 85.7% of the histological sections, and sometimes they were more prevalent than the goblet cells in the superficial epithelium of the distal esophagus and esophagogastric junction. In spite of this, the presence of these cells is not sufficient to establish the diagnosis of BE when goblet cells are absent (10, Comparisons of CK7 and CK20 reactivity in the goblet and columnar blue cells are shown in Table 2 . Overall, CK7 was expressed in the goblet cells in 77.3% of the biopsies containing goblet cells, and it was expressed in the columnar blue cells in 86.0% of the biopsies containing columnar blue cells (P-value for the difference = 0.25). CK20 was expressed in the goblet cells in 89.3% of cases containing these cells, and it was expressed in columnar blue cells in 62.0% of the cases containing these cells (P <0.001) (Figure 1) .
The concordance of CK7 and CK20 reactivity patterns in the 39 cases with both cell types is shown in Table 3 . In 94.9% of these cases, CK7 staining was the same (positive or negative) in the goblet cells and the columnar blue cells, and in 77.0% of the cases, the CK20 staining was the same in the two cell types. v. 46 -no.2 -abr./jun. 2009 11, 18) . On the other hand, if the columnar blue cells could be shown to be a pre-goblet stage, with increased risk for cancer development, this could have important implications for the diagnosis and management of BE. Therefore, the use of markers that can evaluate similarities and differences between columnar blue cells and goblet cells may have a real importance.
The cytokeratins are a family of structural proteins found in the cytoskeleton of epithelial cells. The expression of these cytokeratins depends on the type, location and differentiation of the epithelium. CK7, a marker of ductal differentiation, is not normally expressed in the epithelium of the digestive tract, while the expression of CK20, a marker of intestinal differentiation, is normally limited to the intestinal epithelium and the superficial gastric foveolar epithelium (20, 24) . The immunoreactivity of CK7 and CK20 in intestinal metaplasia of the esophagogastric junction was initially described by ORMSBY et al. (24) who defined different patterns of expression for BE (the Barrett pattern) and intestinal metaplasia of the cardia (the gastric pattern). The Barrett pattern showed CK7 reactivity in the surface epithelium and the superficial and deep glands, while the expression of CK20 was restricted to the surface epithelium and the superficial glands. The gastric pattern showed CK7 reactivity to be absent or patchy, while CK20 expression occurred in the surface epithelium and the superficial and deep glands. In this original study, only the immunoreactivity of goblet cells was evaluated. The Barrett pattern was present in 94% of the specimens from esophageal resections and in 100% of the biopsies from patients with long-segment BE, and the gastric pattern was found in all of the biopsy specimens from the cardia and from gastric resections. Some subsequent studies appeared to reproduce these findings (19, 25, 30, 31) . However, other authors presented discordant results and they concluded that these patterns are not useful to differentiate BE from intestinal metaplasia of the cardia (6, 7, 13, 20, 21, 27) . In spite of these inconsistencies, these studies produced some outcomes that deserve further consideration. SHEARER et al. (31) mentioned that similar patterns of CK7/CK20 expression were frequently observed in adjacent areas with and without goblet cells. MOHAMMED et al. (21) identified the Barrett pattern in 55% of biopsies from inflamed or normal cardiac mucosa without evidence of intestinal metaplasia. GLICKMAN et al. (13) noted that the immunophenotypes of the cardiac mucosa in patients with long-segment BE, shortsegment BE and normal esophagogastric junction were similar for Das-1 and CK7/CK20, but they were different from those of the gastric antral mucosa. DeMEESTER et al. (6) observed that the cardiac mucosa showed the Barrett pattern in 85% of their cases. In another study by ORMSBY et al. (25) it was observed that areas of non-specialized columnar mucosa showed positive staining for CK7 in 22% of the cases. In the same way, JOVANOVIC et al. (19) reported a series of cases in which the non-intestinalized cardiac epithelium stained strongly positive for CK7 while the mucosa of the body and gastric antrum did not stain.
Together, these data show that similar patterns of CK7/CK20 expression are commonly observed in the columnar mucosa of the esophagogastric junction in the presence or absence of goblet cells. One possible explanation is that these areas are in transformation towards an intestinal phenotype (2, 19, 31) BE is composed not only of goblet cells, but also of columnar blue cells, which may correspond to immature goblet cells (pregoblet cells), and AB-negative columnar cells (22) . The surface epithelium of the cardia can also contain AB-positive columnar cells (3, 23) . Considering all of these findings, it is not surprising that columnar blue cells can have similar features in areas with and without goblet cells. The question is how the columnar blue cells and goblet cells are related to each other, in terms of differentiation and cancer risk.
In the current study of patients with endoscopic evidence of BE, we found similar CK7 and CK20 staining patterns in columnar blue cells and goblet cells. Most importantly, in individual cases which contained both cell types, the CK7 and CK20 expression patterns were strikingly similar in the columnar blue and goblet cells. This concordance of cytokeratin protein expression is consistent with a close relationship between these two cell types, and suggests the importance of further evaluation of the possible role of columnar blue cells in the differentiation of goblet cells and the pathogenesis of adenocarcinomas in the distal esophagus and proximal stomach.
Other immunomarkers that have been studied in the intestinal metaplasia of BE include mucins (14, 27) and Cdx2 (26) expression. In the mucin studies, AB staining in the columnar cells was not reported, so it was not possible to evaluate mucin reactivity in the columnar blue cells. In the Cdx2 study, Cdx2 expression was similar in goblet and columnar blue cells in cases in which both were present, and it was present but diminished in the columnar blue cells found in cases without goblet cells. The authors concluded that the columnar blue cells may not be indicative of intestinal metaplasia. Additional studies of mucins and Cdx2 expression in cases with endoscopic evidence of BE are warranted.
In conclusion, this study demonstrates that goblet cells and columnar blue cells have similar immunohistochemical staining patterns for CK7 and CK20 in patients with endoscopic evidence of BE, and the similarity of staining is especially evident in individual patients who have both cell types. This is consistent with the possibility that columnar blue cells represent an intermediate form on the differentiation pathway to goblet cells, a possibility that deserves further study.
